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Abstract 

Using a previously established effective Lagrangian model we describe anti- 
kaon induced reactions on the nucleon. The dominantly contributing channels 
in the cm-energy region from threshold up to 1.72 GeV are included (KN, 
7rS, 7rA). We solve the Bethe-Salpeter equation in an unitary if-matrix ap- 
proximation. 
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I. INTRODUCTION 



One major goal in hadron physics is to find the properties of resonances. In the sector 
of N* and A resonances there exists a huge amount of data especially from ttN reactions. 
The properties of most of these resonances are known quite well from various analyses of 
the experimental data (see for example 0) and models that are able to describe these data, 
as for example ||. This situation changes when we look at resonances with strangeness — 1. 
Here the properties of some resonances are not settled at all (e.g. in the Poi partial wave 
there might be one or two resonances with barely known masses and widths). In order to 
learn more about these resonances and also the coupling constants involving strange baryons, 
we have extended the model of || to the strangeness —1 sector (i.e. the asymptotic states 
are KN, 7r£, and it A). 

Reference || sets the framework of the present calculation. Using the K matrix approxi- 
mation, 7r and 7 induced reactions on the nucleon with final states nN, ^N, tctcN, rjN, KA, 
and since last year also KY,, were calculated. Also on the basis of |J Bennhold et al. Q 
are investigating nucleon and A resonances. In their latest publication ||, special emphasis 
is put on the photoproduction of kaon hyperon states. Especially with the inclusion of 
the final state KT, it was possible to extend the energy range up to y^i = 2 GeV and 
thus to investigate the resonances around 1900 MeV. For the photoproduction it is very 
important to maintain gauge invariance after introducing form factors. Using a form factor 
prescription by Haberzettl || yields an excellent agreement between experimental data and 
model calculations. 

In general, experimental observables are very well described with the model in |§; how- 
ever, there is a problem concerning the final states KA and KY,; the angular differential 
cross sections for the 7r induced reactions do not agree with experiment. In the reactions 
ttN — > KA or KYi there are baryons and resonances with strangeness —1 propagating in 
w-channel diagrams. Since these are nonresonant contributions and the couplings of the 
baryons and widths of the resonances are, if at all, poorly known, these diagrams were not 
included in [[|. 

The idea is now to determine these parameters in a calculation where they contribute in 
resonant diagrams, which is the case for K induced reactions on the nucleon. 

In this paper we present our first results. Section [TI| shows the concept of our calculation 
with the unitarity conserving K matrix approximation, which reduces the Bethe-Salpeter 
equation from a system of coupled integral equations to the problem of matrix inversion. 
Section |T| covers the used Lagrange density and motivates the final states that have to be 
considered in the calculation. In section |III A| the used form factors are given and in the 
following section [TV] the experimental data that were used for the fit are discussed. Our 
results are presented in section M. Section [VI| contains conclusions and outlook. 



II. THE MODEL 

All information of the scattering process is contained in the scattering matrix S. This 
matrix can be decomposed into a trivial part and the part that includes all information 
about reactions, the T-matrix 
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S = I + i T. 



(1) 



The scattering equation that needs to be solved is the Bethe Salpeter equation (BSE). 
Schematically the BSE is given as illustrated in fig. [I]. V is the amplitude of the elementary 
interactions and is calculated using Feynman rules which follow from a Lagrangian that is 
given in section [TIT]. The two-particle propagator Q BS is given by the product of the baryon 
and the meson propagator. The integration over the loop momentum yields a system of 
coupled integral equations for all final states. 
We introduce the Feynman amplitude M. 

( Pl p 2 \if\k A k B ) = {27r) i 5 ( - 4 \k A + k B -{p 1 +p 2 ))iM{k A ,k B ^p l ,p 2 ). (2) 

Taking out the spinors we define the amplitude Mfi 

Mfi = u(p',s')M fi u(p,s). (3) 

Then the BSE has the form 

M(p',p; Vi) = V(p',p; V~s)+J 4^V(p', k; y/I) Q BS (k; y/s) M(k,p, y/s). (4) 

To make this problem solvable we are using a K matrix approximation. In our notation 
the K matrix is defined by 

K = V(p',p; V~s)+Pj J7^ V (p'i ^ V~s) G B s(k; >/£) K(k,p, y/s) 

= V(p',p; V~s)+J -0u V (p'> k '> v 7 ^) ®GBs(k; y/s) K(k,p, s/Z), (5) 

where P stands for the principal value of the integral and ^tQ B s stands for the real part 
of the propagator. The latter contains the pole of the propagator as can be seen from the 
following. A propagator is given in the form 

1 a — ie 1 ■ x( \ la\ 

mo (a), (b) 



a + ie a 2 + e 2 a 

so the real part contains the pole and the imaginary part is proportional to a delta function 
with the on-shell condition as its argument. 

From the unitarity of the S- matrix, S'S = I, follows 

- i(T - T f ) = T f T, (7) 

and using the BSE we get 

M — M* = 2i M* $S(g B s) M. (8) 

Thus, in order to keep unitarity we must preserve the imaginary part of the propagator. 
The real part, on the other hand, plays no role for unitarity, so we simply neglect it 
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®{Gbs) = 0. (9) 

This is the same as putting the intermediate particles on their mass shell. In || and |7j it is 
shown that this is a reasonable assumption for energies not too close to a particle production 
threshold. 

With this approximation the propagator Qqs becomes 

Q K = -i2vr 2 <5(4 - m 2 B )6(k 2 M - m 2 M )6(k B )6(k° M ) $ B + m B ) (10) 
and from (H) we get 

K = V. (11) 

With the delta functions in the propagator the integral in the BSE (|J) is easy to evaluate 
and the problem reduces to the inversion ofannxn matrix, if n is the number of energetically 
allowed channels. 

Using 

(#b + m B ) = J2u(k B , s)u(k B , s) (12) 

s 

and going back to the notation of the amplitudes including the spinors fl3|) we get 

M = (J-i/C)- 1 JC, (13) 

where K = V = uVu. 



III. THE LAGRANGE DENSITY 

In order to calculate the entries of the matrix /C all elementary diagrams must be calcu- 
lated. We restrict ourselves to tree level diagrams (cf. fig. 0) using the physical masses and 
charges for the asymptotic particles and t-channel mesons. The parameters of N, A, and 
resonances in w-channel diagrams are taken from and ||. 

The channels included in the calculation are KN, 7rS, and tcA. These are the dominant 
contributions in the relevant energy interval (fig. [|). Because we have to fix the particle 
properties in this phenomenological model with the help of experimental data, we will include 
more channels as soon as reliable data are available. 

In order to calculate the s-, t-, and u-channel diagrams for the relevant channels we are 
using the following Lagrange density: 

£ = ^ - m t )* + - mJV + + ^-v^ml 

-§^[%57 / ^'V)* + ^.] 
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iflW Yp{9^)v^ + /i.e.] 
[*57m(^)' 



g ^ R in-Y^tf* + h.c. 

m R + m$ 



m R — mq, 



2_ 

<7«*tf 3 

2_ 



- -(1 + 2z^,) 7a 7/j75(<9 A V)^ + /i.e. 



(14) 



The kinetic and mass terms are given in the first two lines. \P refers to the Baryons (N, 
S, A), ip to pseudo scalar mesons (K, ir), stands for the vector mesons (K*, 0, p, a ), 
ty R and ty R are referring to Spin | and § resonances resp. (± stands for the parity of the 
resonance) . 

Pseudo scalar mesons and the spin | baryons are coupled by pseudo vector coupling 
terms. Baryons and vector mesons are coupled by the superposition of vector and tensor 
coupling terms and n v w determines the relative strength. The spin | resonances are treated 
in the Rarita-Schwinger formalism as a product of a spin 1 vector and a spin | spinor, so in 
the coupling term the parameters determine the off shell behavior of the resonance, which 
means the parameters affect the appearance of the spin | resonances in spin | channels. 

The isospin factors for each vertex are listed in appendix 0. These factors are chosen in 
a way to consistently decompose the amplitudes into the different possible isospin channels. 

Note that we do not introduce explicit background terms in our study but instead gen- 
erate the background consistently from the u- and t-channel diagrams. 



A. Form Factors 

As we are not dealing with-point like particles, we have to introduce hadronic form 
factors in order to take care of the inner structure of the particles which is important at the 
vertices. The shape of the form factors is taken from || because our goal is one consistent 
model for all meson- and photon-induced reactions on the nucleon. 

These shapes are given by the following functions: 

FM = * + (15) 

in s- and u- channel, where q 2 = s or q 2 = u resp., and 

rf . 2, A 4 + ((W esfe -m 2 )/2) 2 

tAt.m ) = — ; ; ON . — (lb) 

in t-channel diagrams. Here t t h res h is the value of t at threshold, m is the mass of the 
propagating particle and A the form factor parameter. Note that purely mesonic vertices 
are not multiplied by a form factor, i.e. the t-channel diagrams contain only one form factor. 

There are four different form factor parameters A, one for all i-channels, one for all 
spin | resonances, one for the Spin | resonances and the A parameter for diagrams with a 
propagating asymptotic baryon (Born diagrams) which is taken from M. 
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IV. EXPERIMENTAL DATA 



In this model we need to adjust parameters like the resonance masses and widths to 
experimental data. Thus the accuracy of the extracted parameters obviously depends on 
the quality of the available experimental data. All experiments concerned with strangeness 
— 1 resonances were carried out more than twenty years ago. The error bars are quite large, 
and different experiments are often contradictory. 

We are mainly using a partial wave analysis (PWA) |12| which included a large amount 
of data and was performed for the three channels we calculate (KN, 7r£, it A). This is 
an energy dependent PWA, which means that there were already some assumptions made 
about resonance properties; furthermore there is no error given in |12] . We thus have to add 



some realistic error in order to use together with other data. The errors we use are 

AT = Max(0.12 T; 0.012). (17) 
Almost all other PWAs (e.g. g3|, 0) are single channel analyses for the KN channel. As 



there are large deviations comparing the PWA of p~2] to the one of [THfl (especially in the 



Sqi channel) we do not want to take |L2| as the only source of experimental information. In 
addition, therefore, we use total cross sections for 7r£ and 7rA final states which are taken 
from [[ilj (because all experiments were done before JL5] was published, this data collection 



can be considered complete for total cross sections). For the KN channel there are also 
differential cross sections available, so we are using the publications given in table |. All 
cross sections are measured with the initial state K~p. There are also data for K°n reactions, 
but for those the error bars are even larger. 

With this set of experimental data we adjust the parameters of our model (table ||). 
Since spin | resonances are not included in our calculation we do not go beyond E cm = 1.72 
GeV, because at higher energies we expect a strong influence of the resonances A (1820), 
A(1830), £(1775), and £(1915) on cross sections. A reliable extraction of spin | and \ 
resonance properties would not be possible if contributions of these states were present in 
the data. 



V. RESULTS 

In this section we show the partial wave amplitudes and differential cross sections, cal- 
culated with the parameter set that yields the least x 2 in the fit. 



A. Partial Waves 



Following |]| the nomenclature differs from the non-strange case: Lj ^j labels the ampli- 
tude with angular momentum L, isospin I and total spin J. 

As already mentioned in section [TV| , there are a number of uncertainties in the analysis 



12 1 . For example, in the Sqi amplitude (fig. ^) the authors of JT2| had problems fixing the 



KN width of the A(1670), which explains the deviations from our calculation. 



6 



The situation for the Poi amplitude is not quite clear. There might be one or two 
resonances in this partial wave In our calculation we take only one resonance into 
account, since a second resonance does not decrease the x 2 significantly. It is difficult to 
disentangle background and resonant effects in the available data; more accurate data would 
help clarifying this situation. 

No resonant contribution with quantum numbers P03 is found, which is consistent with 
n. The background contributions alone already describe this partial wave amplitude very 
well. 

The two established resonances A(1520) and A(1690) are clearly seen in the D 03 ampli- 
tude where the fit works quite well. 

In the considered energy range there is no resonant contribution to the S\\ amplitude. 
Including the £(1750) might improve the fit, but the parameters are not well known and it 
is not possible to determine them in a fit constrained to energies below E cm = 1.72 GeV. 

The Pn amplitude is in nice agreement with (jEJ. Only for the 7rA final state there are 
some discrepancies, but this is clear since the £(1660) was not included in the 7rA channel 
of& 

Describing the P13 amplitude is difficult, because there is no resonance in this partial 
wave. In addition the magnitude is quite small, so it does not contribute much to the cross 
sections. 

Our description of the -D13 is in good agreement with |12| , only for the 7rA final state the 
PWA by |12| has a slightly different mass for the £(1670) resonance. 



It would be very helpful to have an energy independent PWA of experimental data in 
these channels, since all energy dependent analyses already contain some assumptions about 
resonance properties. 

B. Cross Sections 

We show a comparison of calculated total (fig. |||) and differential cross sections (fig. 



TOD with the experimental data used in the fit. The agreement is good within the errorbars 
but it can also be seen in fig. ^ that the experimental data are somewhat contradictory 
(especially for K~p — > 7r°A). 

In figs. [11] through |HJ we show as predictions the calculated differential cross sections 
for the reactions K~p — > K n, K~p — > 7r°£° and K~p — > 7r°A. The energies are chosen in 
view of the upcoming data from the Crystal Ball collaboration [IB]. 



C. Coupling Constants 

During the fit we adjusted the coupling constants to experimental data. The couplings 
to final states are given in table [TTT] in comparison with refs. [T7| and | I8|| . The numbers from 



T7fl are calculated within a sum rule approach with SU(3) breaking and should be considered 



as a qualitative guide. The ones from []18| are calculated within a parametrisation of QCD 



that goes back to [19|, within this approach these numbers should have an accuracy of about 



10%. Concrete values of coupling constants are hard to find in the literature and show large 
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deviations. All the coupling constants that we obtained in our parametrisation from fitting 
to experimental data have to be seen within the framework of this K matrix calculation. 
Since the experimental data have error bars larger than 10% the extracted parameters cannot 
be more accurate. In addition, with only total cross sections for the 7r£ and ttA final states 
it is not possible to disentangle resonant and different background contributions (see also 
the comments on spin | resonances in the following section). 

Comparing the F/D ratios (as defined in [|I[]) that fit our couplings show that these 
couplings are not SU (3) symmetric. The actual values are of minor importance. 



D. Resonances 

In tables |Iy| and [V| we show the extracted properties of all the included resonances. The 
masses for A(1405) and £(1385) were taken from |l[j, because they are rather accurately 
known and cannot be determined in our fit due to their values below the KN threshold. 

The values that are labeled J K matrix' are the ones that are used in the calculation. The 
resonance widths are used to calculate the coupling constants which enter the K matrix. 

With the help of the speed technique we extracted the resonance parameters from our 
partial wave amplitudes. The concept is as follows [^], P0|j : 

The ansatz for a resonance is given by a Breit-Wigner shape (cf. |I[) 

nW)=T^W) + m ;J^f , (18) 



where W = y/s, m R is the mass of the resonance, T its width and x = yTjFj/T for 
partial widths Tj and 1^ of the resonance's decay into initial and final state. Under the 
assumption that the background (T back ) can be considered constant compared to the resonant 
contributions in the vicinity of the resonance, one gets 

dT ~ xr / 2e ' 4 (19) 



dW (m R -W - ir/2) 2 



The speed is defined by 



Sp{W) 



dT 



dW 



xT/2 

(20) 



(m R - W) 2 + T 2 /A 



Fitting the parameters of the Breit-Wigner shape to the calculated speed we can extract the 
desired properties of the resonances. 

From tables [V and it can be seen that the parameters extracted via the speed tech- 



nique and the K matrix parameters are almost equal for spin | resonances. This is due to 
the small width of all these resonances and the fact that there is not much background in 
these partial wave amplitudes. All these parameters are in very good agreement with the 
values given in [j]. 

The situation for the spin | resonances is completely different. There are large back- 
ground contributions in these amplitudes. This is most dramatically the case for the Pqi 
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A(1600) resonance for which the K matrix analysis gives a pole mass of 1710 MeV whereas 
the speed analysis yields 1545 MeV. In this case, the speed technique is not applicable, since 
the background varies more than the resonant part of the amplitude. A similar problem 
occurs for the Sq\ A(1670). Here the speed technique seems to show a quite narrow reso- 
nance with a width of 52 MeV, but the actual decay width, calculated from the coupling 
in the K matrix, is almost 960 MeV. The careful examination of this puzzle shows, that 
off-shell contributions of the spin | resonances A(1520) and A(1690) together with resonant 
contributions from the very broad A(1670) add up to the Sqi amplitude that is given in 
figs ||, [| yielding a quite sharp peak in the speed plot. This example just shows that the 
definition of resonance properties by a Breit-Wigner shape in the speed technique may be 
quite different from the particle properties obtained from the K matrix parameters. 

This interplay of different contributions to a resonance-like structure in the amplitudes 
makes it hard to get a unique set of parameters, which describes the experimental data. 
With the available data it is not possible to disentangle the necessary contributions from 
Born-, u-channel, and resonant diagrams. In addition, the off shell parameters of the spin 
| resonances play an important role. Better experimental data would surely lead to a more 
unique set of parameters in this field. The overall description is not bad, comparing the 
speed results to the experimental ones. 

VI. CONCLUSIONS & OUTLOOK 

We have presented the first results of our calculations for K induced reactions on the 
nucleon. The model of J3] has been extended to the strangeness —1 sector. All available 
data are described quite well within the given error bars. The extracted resonance masses 
and widths agree with the ones given in [Q]. Since the accuracy of the known parameters 
is not very high there is a lot of room for improvement. Some of the resonances are not 
established at all and will not be established before better experimental data are published. 

Putting the calculations for 7, 7r and K induced reactions on the nucleon together we 
have developed a consistent way of treating all hadronic reactions on the nucleon below 1.72 
GeV. Currently we are working on implementing the vector mesons p and u as asymptotic 
particles. As soon as there are better data available in the strangeness sector we will also 
start implementing more asymptotic states like e.g. rjA and 7T7rS. 

Including spin | resonances would certainly also improve the calculations and extend the 
accessible energy range, but here the problem of a consistent treatment is not solved up to 
now. 
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APPENDIX A: ISOSPIN FACTORS 



The listed factors are contained in the Lagrange density and thus enter the amplitude 
at each vertex. Outgoing particles are noted with a bar, so the outgoing ~K° reads K° . 

The AKN vertex: 



g AK N(-ApK~ + AnK° - K pA + WnA) (Al) 



The TiKN vertex: 

9j:kn(V2 Y + K°p + T?K~p + + V2 YT K~n 

+V2 K°pE + + K~pT? + ifnYP + V2 TCnTT) (A2) 

The A7rE vertex: 

^s(Avr + £- - A7T°S + S~7f+A - E°?°A + E + tTA) (A3) 
The SvrS vertex: 

(? S7rS (S _ 7r S- - £~7T-£° + EVE" - eVe+ + E + 7r + E° - E + 7r°E + 

+ S~7T°£- - E°7f-E- + E~7r + E° - S + 7T-£° + EVE+ - E + 7r°E + ) (A4) 

The A7rA vertex: 

9aM][\ nA+n- - ^| nAV + nA^ 

+ A + vf~n - A°7f°n + A~vf + n 
+ A ++ vf-p - j| AVp + J| AVp) (A5) 



The NttN vertex: 



gNnN{mi n — \pl nir p + \pl pix + n — pn°p 

n W°n — V2 p T~n + \/2 n n + p — p W°p) (A6) 



The EKA vertex: 
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^a(S + ^-A ++ - ^ E + 7f A+ + ^ eV~A+ 
E°F°A + y| A- - Z-K°A- 
7T A ++ E+ - ^| FA + E + + y| X" A + E° 

-y| FaV + y| Fa-e- - Fa-e-) 
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TABLES 



Reactions 


Energy Range 


References 


K~p — > 


1.48 to 1.55 GeV 


1 




1.61 to 1.72 GeV 


@ 




1.49 to 1.54 GeV 


1 




1.57 to 1.72 GeV 





TABLE I. 


Differential cross sections used in the fit 




38 Resonance Parameters 


A-Resonances 


Masses 


4 


(1405), (1520), (1600), 


ifiV-Width 


5 


(1670), (1690) 


ttE- Width 


5 




zkn (for Spin |) 


2 




z^s (for Spin §) 


2 


X-Resonances 


Masses 


2 


(1385), (1660), (1670) 


ifiV-Width 


3 




ttE- Width 


3 




vrA-Width 


3 




zkn (for Spin |) 


3 




z^ (for Spin §) 


3 




z n A (for Spin |) 


3 


15 Background Couplings 


Couplings 






- of Born Terms 


9K NT,, 9KNA, dnTT,, SttEA 


4 


- of t-channels 


9K*NA, 9K*NY,, 9a NN, 9<!>NN, 5pAE, <7pE£ 


6 




kk*na, k-k*nj:, k<pnn, « p ae, «pEE 


5 


3 Form Factor Parameters 


One A Parameter for all 






- Spin-^ Resonances 


Ai 

2 


1 


- Spin-| Resonances 


A 3 

2 


1 


- t-channel 


A„vi>v]> 


1 


TABLE II. Model parameters 
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\9ttNn\ 


\9kna\ 


\dKNT,\ 


5vrSA 


|ffirEs| 


this calculation 


1 


0.71 


0.16 


0.40 


0.04 


[ 





1 








0.27 


[ 




1 






0.82 


0.54 


F/D 




0.14 


1.38 


1.94 


0.02 



TABLE III. Extracted coupling constants in comparison to other authors and F/D ratio. 



A-Resonances 



Mass [MeV] 



K Matrix 



Speed 







A(1405) 501 

A(1520) D03 

A(1600) P01 

A(1670) 501 

A(1690) D03 



1406.0 
1519.3 
1710.0 
1727.4 
1694.6 



1518.6 
1545. 1 
1687.3 1 
1691.3 



S-Resonances 



1406.5 ± 4.0 
1519.5 ± 1.0 
1560 to 1700 
1660 to 1680 
1685 to 1695 



Mass [MeV] 



K Matrix 



Speed 



i 



£(1385) P13 
£(1660) PH 
£(1670) DU 



1383.0 
1743.0 
1671.4 



1661. 6 1 
1665.8 



1382.8 ± 0.4 
1630 to 1690 
1665 to 1685 



TABLE IV. Comparison of the resonance masses from our K matrix, extracted with the help 
of the speed-technique and the values given in Q. See text for the uncertainties concerning the 
numbers labeled 1 . 
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A-Resonances 






T [MeV] 


XKN [%] 


x.s [%] 




A(1405) 


K Matrix 


183.3 


— 


100 






Speed 


— 


— 


— 






1 


50 ± 2 


— 


100 




A(1520) 


K Matrix 


11.9 


39 


61 






Speed 


11.7 


37.9 


60.5 






1 


15.6 ± 1.0 


45 ± 1 


42 ± 1 




A(1600) 


K Matrix 


704.2 


18 


82 






Speed 


170 1 


19.3 1 


64 1 









50 to 250 


15 to 30 


10 to 60 




A(1670) 


K Matrix 


959.5 


97 


3 






Speed 


52 1 


20 1 


14 1 









25 to 50 


15 to 25 


20 to 60 




A(1690) 


K Matrix 


45.4 


15 


85 






Speed 


45 


15 


38 






i 


50 to 60 


20 to 30 


20 to 40 




^-Resonances 






r [MeV] 


XKN [%] 


X.E [%] 


X 7rA [%] 


S(1385) 


K Matrix 


15.1 




1.7 


13.4 




Speed 















36 ± 5 




12 ± 2 


88 ± 2 


£(1660) 


K Matrix 


481.2 


4 


77 


19 




Speed 


200 1 


ll 1 


2 


14 1 







40 to 200 


10 to 30 






£(1670) 


K Matrix 


49.6 


7 


89 


4 




Speed 


54.9 


9 


26 


5 







40 to 80 


7 to 13 


30 to 60 


5 bis 15 



TABLE V. Comparison of the resonance parameters used in the K matrix, extracted with the 
speed-technique, with the ones given in Q. See text for the uncertainties concerning the numbers 
labeled . Extraction failed for 2 . 
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FIGURES 




FIG. 2. Feynman diagrams used in the calculation. In these diagrams the time runs from the 
right to the left, as usual in matrix elements. 




FIG. 3. Total cross sections 



16 



0.4 
0.2 
Re 0.0 
-0.2 
-0.4 

0.8 
0.6 
0.4 
0.2 
0.0 



Im 





/• 


^0 


.- ... 

J 1 1 




P - — ' — ^ 




1 1 


IllIIIlMMlMl 


: aim* 

I / 





. i 



1.5 1.6 1.7 1.5 1.6 



1.7 1.5 

E cm .[GeV] 



1.6 1.7 1.5 1.6 1.7 



FIG. 4. PWA ||] and our calculation for KN -> ifi\T, 7 = 0. 
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FIG. 5. PWA and our calculation for KN -> vrS, I = 0. 
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FIG. 6. PWA and our calculation for KN -> ifi\T, 1=1. 
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FIG. 7. PWA and our calculation for KN -> vrS, J = 1. 
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FIG. 8. PWA [12 1 and our calculation for KN -► ttA, I = 1. 
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FIG. 10. The upper three plots show differential cross sections for the reaction K p — > K 
the lower ones for the reaction K~p — > K°n. The data are taken from the references given in tal 




FIG. 11. Differential cross sections for the reaction K p — > K n 
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FIG. 12. Differential cross sections for the reaction K p — ► it °S°. 
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